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DEVICE FOR CONTROLLING A FREQUENCY RESPONSE BY SCALING AN 

IMPEDANCE 

BACKGROUND OF THE INVENTION 

1 . Technical Field - 

The present invention relates to a signal filtering device, and more particularly, 
to a device for controlling a frequency response using impedance scaling. 

2. Discussion of the Related Art 

In general, signal filtering devices having a particular frequency response 
include an impedance component such as a resistor, an inductor, or a capacitor. An 
impedance component having a high value is typically larger than an impedance 
component having a low value and can become burdensome to incorporate into an 
integrated circuit (IC). As a result, an impedance component having a high value 
typically increases product cost and causes high parasitic capacitance that may result 
in signal distortion or attenuation. 

One such example of an IC using an impedance component having a high 
value (e.g., a high value resistor) is a direct current (DC) offset removal circuit, which 
can be found in direct conversion receivers used in mobile communication systems. 

Since a DC offset may saturate a baseband output terminal in a direct 
conversion receiver, it should be removed by a high-pass filter, containing a resistor 
and a capacitor. In most cases, however, a signal received from a baseband output 
terminal has information at a frequency of about 0. Thus, the high-pass filter has a low 
cutoff frequency. 

FIG. 1 illustrates a general first-order resistor-capacitor (RC) high-pass filter. In 
order for the high-pass filter to have a low cutoff frequency, the capacitor C1 and/or the 
resistor R1 must be large. The large sizes of the capacitor C1 and the resistor R1 
increase the size of a semiconductor chip on which the general high-pass filter is 
located. The resulting large chip size is disadvantageous for at least two reasons: (1) 
integration problems resulting from its increased size; and (2) reduction in the received 
signal due to high parasitic capacitance at an output node of the high-pass filter. 
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FIG. 2 illustrates a general active RC low-pass filter. The frequency response 
of the low-pass filter of FIG. 2 can be changed by using two resistors R1, R2 and a 
capacitor C1. In order for the low-pass filter of FIG. 2 to obtain a desired frequency 
response, the resistors R1, R2 and the capacitor C1 should be maintained at desired 

5 levels. In general, a resistor's value and a capacitor's value change depending on a 
manufacturing process or temperature. In a semiconductor chip, for example, 
resistance changes 30 - 100% and capacitance changes 10 - 30% due to changes in 
the manufacturing process, pressure, and temperature. Thus, it is necessary to tune 
the resistance or the capacitance to obtain the desired frequency response from the 

10 filter. One example circuit that can be used to tune capacitance is shown in FIG. 3. As 
shown in FIG. 3, the capacitance of a capacitor is controlled by a capacitor array that 
can be switched. 

As shown in FIG. 3, a plurality of capacitors C1 1 - C1 n are connected in parallel 
with each other, and switches SW1 - SWn, which are serially connected to the 

15 capacitors C1 1 -C1n, are switched on or off. Thus, enabling the capacitance of the 
circuit to be controlled via a switching operation. However, this method requires 
additional components such as the switches SW1 - SWn and several control bits B1 - 
Bn, which are used to control the switches SW1 - SWn. As a result, the circuit 
becomes complex, and the tuning accuracy and the range of the capacitance are 

20 defined by the number of capacitors and control bits. 

A common resistance and/or capacitance controlling circuit can become 
complex, thus making it difficult to control its frequency response. In addition, if the 
filter in a resistance and/or capacitance controlling circuit requires a high resistance or 
a plurality of capacitors, the IC on which the circuit is located increases in size. 

25 Accordingly, there exists a need for a device that can easily control the 

frequency response of a circuit by scaling the impedance. 

SUMMARY OF THE INVENTION 

30 According to one aspect of the present invention, a device for controlling a 

frequency response comprises a filter and a duty controller. The filter generates an 
output signal after removing a frequency from an input signal, and comprises a first 
impedance component and a switch, wherein the switch is serially connected to the 
first impedance component and is switched on or off in response to a duty-controlled 
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clock signal. The duty ratio controller receives a clock signal, controls a duty ratio of 
the clock signal, and generates a duty-controlled clock signal. 

The duty ratio controller additionally comprises a flip-flop, which receives a 
delayed signal obtained after delaying the clock signal by a time delay and a delay 
5 component, wherein the delay component receives the clock signal, generates the 
delayed signal, and controls the time delay in response to a duty control signal. 

The filter additionally comprises an amplifier, a second impedance component 
that is connected to one terminal of the amplifier and an output node of the filter and 
that is connected to an input node and an output node of the filter, and a third 
10 impedance component that is connected to the one terminal of the amplifier and an 
input node of the filter, wherein the first impedance component and the switch are 
serially connected between one terminal. 

According to another aspect of the present invention, a device for controlling a 
frequency response comprises a filter and a duty ratio controller. The filter generates 
15 an output signal after removing a frequency from an input signal, and comprises an 
impedance component and a switch, wherein the switch is serially connected to the 
impedance component and is switched on or off by a duty-controlled clock signal. The 
duty ratio controller generates the duty-controlled clock signal. The frequency 
response of the filter varies in response to a duty ratio of the duty-controlled clock 
20 signal. The duty ratio controller also receives a clock signal and generates the 
duty-controlled clock signal in response to a duty control signal. The switch may 
additionally be positioned on a transmission path between an input node and an output 
node of the device when another transmission path exists between an input node and 
an output node of the device. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above aspects of the present invention will become more apparent by 
describing in detail exemplary embodiments thereof with reference to the attached 
30 drawings, in which: 

FIG. 1 illustrates a general first-order RC high-pass filter; 

FIG. 2 illustrates a general active RC low-pass filter; 

FIG. 3 illustrates a capacitor array that can be electrically switched; 

FIG. 4 illustrates a device for controlling a frequency response by scaling an 
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impedance, according to an exemplary embodiment of the present invention; 
FIG. 5 illustrates a waveform of a duty-controlled clock signal DC_CLK; 
FIG. 6 is a bode plot of the frequency response of the general first-order RC 
high-pass filter of FIG. 1 ; 
5 FIG. 7 illustrates the result obtained when the sine wave of 500kHz is input to 

the general first-order high-pass filter of FIG. 1 and the output waveform is fast fourier 
transformed; 

FIG. 8 illustrates the result obtained when the sine wave of 500kHz is input to 
the general first-order high-pass filter of FIG. 4 and the output waveform is fast fourier 
10 transformed; 

FIG. 9 illustrates the frequency response of the high-pass filter of FIG. 4; 

FIG. 10 illustrates a device for controlling a frequency response by scaling an 
impedance, according to another exemplary embodiment of the present invention; 

FIG. 1 1 is a circuit diagram of a duty ratio controller; 
15 FIG. 12 illustrates a device for controlling a frequency response by scaling an 

impedance, according to yet another exemplary embodiment of the present invention; 

FIG. 13 illustrates a device for controlling a frequency response by scaling an 
impedance, according to an alternative exemplary embodiment of the present 
invention; and 

20 FIG. 14 illustrates a device for controlling a frequency response by scaling an 

impedance, according to another alternative exemplary embodiment of the present 
invention. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

25 

FIG. 4 illustrates a device for controlling a frequency response by scaling an 
impedance, according to an exemplary embodiment of the present invention. 
Referring to FIG. 4, the device of FIG. 4 includes a duty ratio controller 100 and a filter 
400. 

30 The duty ratio controller 100 controls the duty ratio of a clock signal CLK in 

response to a duty control signal CS and generates a duty-controlled clock signal 
DC_CLK. In this embodiment, the clock signal CLK has a duty ratio of 50%. The 
clock signal CLK with a duty ratio of 50% is maintained at the same ratio from a high 
level state to a low level state. In other words, the rate of the clock signal CLK at a high 
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level is 50%. FIG. 5 illustrates a waveform of the duty-controlled clock signal 
DC_CLK. Referring to FIG. 5, the duty ratio of the duty-controlled clock signal 
DC_CLK is defined by T on /T s . In FIG. 5, when T on is half of T Sl the duty ratio is 50%. 
The duty-controlled clock signal DC_CLK has a frequency that is at least double the 
5 band of an input signal. 

The filter 400, as shown in FIG. 4, is a high-pass filter and includes a resistor R1 , 
a capacitor C1, and a switch SW. The capacitor C1 is connected between an input 
voltage VI N node and an output voltage VOUT node. The resistor R1 and the switch 
SW are serially connected between the output voltage VOUT node and a ground 
10 voltage. The switch SW is switched on or off in response to the duty-controlled clock 
signal DC_CLK output from the duty ratio controller 100. 

As shown in FIG. 4 t the resistor R1 is serially connected to the switch SW, and 
the switch SW is switched on or off in response to the duty-controlled clock signal 
DC_CLK, thereby scaling an equivalent resistance ZOUT with respect to the output 
15 voltage VOUT node. 

As shown in FIG. 1, when a switch is not connected to the resistor R1, the 
equivalent resistance ZOUT is defined as follows. 

murJSUL (D, 

II 

where VOUT denotes an output voltage at an output node and 71 denotes a 
20 current flowing through the resistor R1 . 

Whereas, as shown in FIG. 4, when the switch SW is switched on or off in 
response to the duty-controlled clock signal DC_CLK, the equivalent resistance ZOUT 
is defined as follows. 
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25 where VOUT denotes an output voltage at an output node, I avg denotes an 

average current flowing through the resistor R1, 71 denotes a current flowing through 
the resistor R1 when the switch SW is in an on state, and T on /T s denotes a duty ratio of 
duty-controlled clock signal DC_CLK. 

In FIG. 4, when the switch SW is in the on state, i.e., when the time is T on , the 

30 current 71 flows through the resistor R1 . When the switch is in an off state, the current 
does not flow through the resistor R1. Thus, the average current I avg is obtained by 
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scaling the current 71 at a ratio of T on /T s . Hence, the equivalent resistance ZOUT, i.e., 
the impedance, can be changed by controlling the duty ratio (T on /T s ) of the 
duty-controlled clock signal DC_CLK. 

In FIG. 4, if the duty ratio (T on /T s ) of the duty-controlled clock signal DC_CLK 
decreases, the equivalent resistance ZOUT increases. Thus, even if the resistor R1 
has a low value, the equivalent resistance ZOUT can be high. Accordingly, the 
equivalent resistance ZOUT changes with the duty ratio of the duty-controlled clock 
signal DC_CLK, which enables control over the cutoff frequency of the filter 400. 

The present invention, in which frequency characteristics of the filter 400 are 
controlled by scaling a resistance, will be verified by the following. 

First, in FIG. 1, the capacitance of the capacitor C1 is set to 10pF and the 
resistance of the resistor R1 is set to 10kfl Then a cutoff frequency fc of the 
high-pass filter of FIG. 1 can be expressed as follows. 

/ = = = \.6MHz (3). 

Jc 2ttxR\xC\ 27txl0kxl0p v 

A bode plot of the frequency response of the general first-order RC high-pass 
filter of FIG. 1 is shown in FIG. 6. The magnitude response of the high-pass filter of 
FIG. 1 can be expressed as follows. 
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Thus, when a sine wave of 500kHz is input to the high-pass filter of FIG. 1 , the 
magnitude of its output waveform is reduced to -10.5dB. 

On the other hand, in the high-pass filter 400 of FIG. 4, the capacitance of the 
capacitor C1 and the resistance of the resistor R1 are the same as the capacitance of 
the capacitor Ci and the resistor R1 of FIG. 1 . It is assumed that the duty ratio of the 
duty-controlled clock signal DC_CLK is set to 10%, i.e., T on /T s = 25n/250n=1/10. Then, 
the resistance of the resistor R1 of FIG. 4 is increased by 10 times the original value, 
thus, the cutoff frequency fc of the high-pass filter of FIG. 4 must be lowered to 1 60kHz 
as follows. 
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(5) 

Thus, when the sine wave of 500kHz is input to the high-pass filter of FIG. 4, the 
magnitude of the output waveform is reduced to -0.4dB, in accordance with Equation 
4. In other words, under identical conditions, the magnitude difference between the 
output waveforms of FIGS. 1 and 4 is expected to be approximately 10dB. 

To confirm this expectation, the output waveforms are fast fourier transformed 
when the sine wave of 500kHz is input to the high-pass filters of FIGS. 1 and 4. The 
results are shown in FIGS. 7 and 8. FIG. 7 illustrates the result obtained when the sine 
wave of 500kHz is input to the high-pass filter of FIG. 1 and the output waveform is fast 
fourier transformed. FIG. 8 illustrates the result obtained when the sine wave of 
500kHz is input to the high-pass filter of FIG. 4 and the output waveform is fast fourier 
transformed. As shown in FIGS. 7 and 8, the x-axes represent the frequency, and the 
y-axes represent the magnitude of an output signal. 

As expected, the magnitude difference between the output signals of the 
high-pass filters of FIGS. 1 and 4 is 10dB. Also, the resistance of the resistor R1 
connected to the switch SW has been verified to scale to 10 times the original 
resistance. Thus, by scaling the impedance, the frequency response of FIG. 6 
changes to that of FIG. 9. As shown in FIGS. 6 and 9, the cutoff frequency is reduced 
to 1/10 times the original cutoff frequency by scaling the impedance to 10 times the 
original impedance. FIG. 9 illustrates the frequency response of the high-pass filter of 
FIG. 4. 

In the exemplary embodiment of the present invention as shown in FIG. 4, the 
frequency response is controlled by scaling the resistance, but the frequency 
response may also be controlled by scaling the impedance components such as the 
capacitor C1 or the resistor R1 . 

The high-pass filter 400 of FIG. 4 may generate the harmonics as shown in FIG. 
8 since the switch SW of FIG. 4 is a MOS transistor manufactured by a 0.18j^ra 
process. 

When using the MOS transistor as the switch SW, a transfer function 
non-linearly changes in response to an output voltage and time, thus, generating 
harmonics as shown in FIG. 8. In order to reduce the harmonics, the high-pass filter of 



FIG. 4 can be configured as a fully differential circuit as shown in FIG. 13. The 
exemplary embodiment of FIG. 13 will be described later. 

FIG. 10 illustrates a device for controlling a frequency response by scaling an 
impedance, according to another exemplary embodiment of the present invention. 
Referring to FIG. 10, the device includes a duty ratio controller 100 and a filter 500. 

The duty ratio controller 1 00 is equivalent to the duty ratio controller 1 00 of FIG. 
4 and will not be described in detail here. 

The filter 500 is a low-pass filter and includes a first and second resistor R1 , R2, 
a capacitor C1, a switch SW, and an amplifier 510. An input voltage VIN is input to a 
negative terminal of the amplifier 510 via the second resistor R2. The capacitor C1 
and the switch SW are serially connected between the negative terminal of the 
amplifier 510 and the output voltage VOUT node. The first resistor R1 is connected in 
parallel to the capacitor C1 and the switch SW. The switch SW is switched on or off in 
response to the duty-controlled clock signal DC_CLK output from the duty ratio 
controller 100. 

In the exemplary embodiment of the present invention shown in FIG. 10, the 
switch SW is serially connected to the capacitor C1. Thus, the entire capacitance is 
scaled, which changes the frequency response of the filter 500. 

FIG. 1 1 is a circuit diagram of the duty ratio controller 100 as shown in FIGS. 4 
and 10. Referring to FIG. 1 1, the duty ratio controller 100 includes a flip-flop 110 and a 
delay component 120. The clock signal CLK is input to a clock terminal CK of the 
flip-flop 1 10. A delayed clock signal DEL_CLK, which is obtained by delaying the clock 
signal CLK by a predetermined time delay, is input to a reset terminal RESET of the 
flip-flop 1 10. A supply voltage is connected to an input terminal D of the flip-flop 110. 
The delay component 120 delays the clock signal CLK by a predetermined time delay 
in response to the duty control signal CS. The delay component 120 of FIG. 11 
includes two inverters 121, 122. The duty control signal CS controls the time delay 
introduced by the inverters 121, 122. Thus, the duty ratio of the duty-controlled clock 
signal DC_CLK, output from an output terminal Q of the flip-flop 1 10, is determined by 
the time delay introduced by the inverters 121 , 122. The time delay introduced by the 
inverters 121, 122 can be controlled by controlling the supply voltage applied to the 
inverters 121, 122 or by controlling the current flowing through the inverters 121, 122. 

FIG. 12 illustrates a device for controlling a frequency response by scaling an 
impedance, according to yet another exemplary embodiment of the present invention. 
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The device of FIG. 12 includes a duty ratio controller 100 (refer to FIG. 10) and a filter 
600. The duty ratio controller 100 is equivalent to that of FIG. 10 and is not illustrated 
in FIG. 12 and will not be described in detail here. The filter 600 is similar to the filter 
500 of FIG. 10, but is different from the filter 500 of FIG. 10 in that the switch SW is not 
serially connected to the capacitor C1, but serially connected to the resistor R1 . 

In other words, the resistor R1 and the switch SW are serially connected 
between the negative terminal of the amplifier 61 0 and the output voltage VOUT node. 
The capacitor C1 is connected in parallel to the resistor R1 and the switch SW. Thus, 
the entire resistance can be scaled, which changes the frequency response of the filter 
600 as described in the exemplary embodiment of FIG. 4. In the exemplary 
embodiment of FIG. 10, a gain of the filter 500 is fixed and only the cutoff frequency is 
controlled. In contrast, in the exemplary embodiment of FIG. 12, the gain of the filter 
600 can also be controlled. 

FIG. 13 illustrates a device for controlling frequency response by scaling an 
impedance, according to an alternative exemplary embodiment of the present 
invention. The device includes the duty ratio controller 100 (refer to FIG. 10) and a 
filter 700. The duty ratio controller 100 is equivalent to that of FIG. 10 and will not be 
described here. 

The filter 700 is a low-pass filter and includes a first and second resistor R1 , R2, 
a first and second capacitor C1, C2, and a first and second switche SW1, SW2. The 
first capacitor C1 is connected between a positive input node and a positive output 
node. The second capacitor C2 is connected between a negative input node and a 
negative output node. The first resistor R1 and the first switch SW1 are serially 
connected between the positive output node and a bias voltage VBIAS node. The 
second resistor R2 and the second switch SW2 are serially connected between the 
negative output node and the bias voltage VBIAS node. 

The input voltage VIN is applied to the negative input nodes and output as the 
output voltage VOUT through the positive output node. A bias voltage VBIAS applied 
to the bias voltage VBIAS node biases the output voltage VOUT. The duty-controlled 
clock signal DC_CLK is applied to the first switch SW1 and the second switch SW2. 
The first switch SW1 and the second switch SW2 are MOS transistors. 

The device of FIG. 13 controls the frequency response by scaling the entire 
resistance in the same manner as the device of FIG. 10. 
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FIG. 14 illustrates a device for controlling a frequency response by scaling an 
impedance, according to another alternative exemplary embodiment of the present 
invention. The device of FIG. 14 includes the duty ratio controller 100 (refer to FIG. 10) 
and an AC coupling circuit 800. The duty ratio controller 100 is equivalent to that of 
FIG. 10 and will not be described here. 

The AC coupling circuit 800 removes the DC of an input signal VIN, which is 
provided to an input node, transmits the AC at a level higher than a predetermined 
cutoff frequency to an output node NO, and biases the output node NO at a 
predetermined DC voltage level. The AC coupling circuit 800 includes an AC coupling 
capacitor C1 and a bias circuit 810. The bias circuit 810 includes a switch SW1, a 
resistor R1, a current source 811, and a MOS transistor M2. The switch SW1 is 
serially connected to the resistor R1 and scales the resistance of the resistor R1. 

A gate and a drain of the MOS transistor M2 are connected to each other, and 
the MOS transistor M2 acts as a diode. The DC voltage at a gate node N1 of the MOS 
transistor M2 is determined by a current flowing through the MOS transistor M2. The 
v gate of the MOS transistor M2 is connected to the output node NO via the resistor R1 
and the switch SW1 . Thus, the DC voltage at the output node NO is determined by the 
DC voltage at the gate node N1 of the MOS transistor M2. 

In FIG. 14, if a resistor with low resistance is used, instead of the resistor R1 
and the switch SW1, and the input signal VIN is transferred to the gate of the MOS 
transistor M2, a large amount of signal loss occurs in the input signal VIN. This is 
because the input signal VIN is transferred to the bias circuit 810. In order to reduce 
loss in the input signal VIN, the bias circuit 810 should have a high resistance. 
However, a high resistance results in high parasitic capacitance and a large chip size. 
These problems can be solved by connecting the resistor R1 to the switch and scaling 
the resistance to a large value. In addition, frequency characteristics can be controlled 
by scaling the resistance, thereby allowing transmission of an input signal at a low 
frequency. 

The switch SW1, which is serially connected to an impedance component, e.g., 
R1 , is composed of a MOS transistor with sufficient off resistance. If the off resistance 
is small, current leakage increases and a quantity of non-linear change in the 
resistance, caused by the output voltage, increases, which causes an increase in 
harmonics. The duty ratio of the duty controlled clock signal DC_CLK is sufficiently 
small so that the harmonics of the output signal are below a predetermined level. As 
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the duty ratio of the duty controlled clock signal DC_CLK increases, the harmonics of 
the output signal decrease. This is because the transmission characteristics of the 
MOS transistor change non-linearly with the output signal when the switch is in the on 
state., Thus, if the amount of time, corresponding to when the switch is in the on state, 
decreases, the harmonics also decrease in proportion to the decrease in the amount 
of time. 

When only one transmission path exists between an input node and an output 
node, the switch that is serially connected to the impedance component is configured 
so that it is not positioned on the transmission path. In other words, the switch should 
be positioned on a transmission path other than the transmission path between the 
input node and output node, which is used for controlling frequency response. But, 
when another transmission path exists between the input node and the output node of 
the device, the switch is positioned on the transmission path between the input node 
and the output node of the device. Thus, when the input node and output node of the 
device are connected by a transmission path, the switch may be positioned on another 
transmission path between the input node and the output node of the device. These 
arrangements are made because when the input signal is transmitted to the output 
node of the device via the switch, a continuous signal changes into a discrete signal. 

As described above, it is possible to scale a small impedance component to a 
large impedance component by controlling the duty ratio of a clock that is applied to a 
switch connected to the small impedance component. In other words, it is possible to 
easily achieve a large impedance in a chip by controlling the duty ratio of the clock 
signal. In addition, the impedance varying with the manufacturing process or 
temperature can be scaled. Thus, the frequency response of the circuit with the 
impedance component can be controlled to a desired frequency response. 

Moreover, according to the present invention, since the impedance is 
determined by a duty ratio of a clock signal in a chip, error in the impedance can be 
reduced. The programming performance of the device for controlling frequency 
response, according to the present invention, is superior to a conventional device for 
controlling frequency response. Accordingly, the frequency response of the circuit 
with the impedance component can be easily controlled using impedance scaling. 

While the present invention has been particularly shown and described with 
reference to exemplary embodiments thereof, it will be understood by those of 
ordinary skill in the art that various changes in form and details may be made therein 
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without departing from the spirit and scope of the invention as defined 
appended claims and their equivalents. 
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